OTX2 sustains a bivalent-like state of OTX2-bound promoters in medulloblastoma by maintaining their H3K27me3 levels.
Recent studies showed frequent mutations in histone H3 lysine 27 (H3K27) demethylases in medulloblastomas of Group 3 and Group 4, suggesting a role for H3K27 methylation in these tumors. Indeed, trimethylated H3K27 (H3K27me3) levels were shown to be higher in Group 3 and 4 tumors compared to WNT and SHH medulloblastomas, also in tumors without detectable mutations in demethylases. Here, we report that polycomb genes, required for H3K27 methylation, are consistently upregulated in Group 3 and 4 tumors. These tumors show high expression of the homeobox transcription factor OTX2. Silencing of OTX2 in D425 medulloblastoma cells resulted in downregulation of polycomb genes such as EZH2, EED, SUZ12 and RBBP4 and upregulation of H3K27 demethylases KDM6A, KDM6B, JARID2 and KDM7A. This was accompanied by decreased H3K27me3 and increased H3K27me1 levels in promoter regions. Strikingly, the decrease of H3K27me3 was most prominent in promoters that bind OTX2. OTX2-bound promoters showed high levels of the H3K4me3 and H3K9ac activation marks and intermediate levels of the H3K27me3 inactivation mark, reminiscent of a bivalent modification. After silencing of OTX2, H3K27me3 levels strongly dropped, but H3K4me3 and H3K9ac levels remained high. OTX2-bound bivalent genes showed high expression levels in D425, but the expression of most of these genes did not change after OTX2 silencing and loss of the H3K27me3 mark. Maintaining promoters in a bivalent state by sustaining H3K27 trimethylation therefore seems to be an important function of OTX2 in medulloblastoma, while other transcription factors might regulate the actual expression levels of these genes.